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EXFERIMENT ON INELASTIC PROTON ~ FROTON SCATTERING

USING THE SLOW EXTRACTED PROTON BEAM

G. Bellettini, G. Cocconi, AN, Diddens, E. Lillethun,

JeP., Scanlon, J. Walters and A,M. Wetherell

An experiment to study the process p + p - p + p* (p* being an
excited nucleon state or iscbar) using the slow extracted proton beam is
proposed. Measuring the momentum spectra of high energy scattered protons
at the angles 20, 60 and 160 mrad simultaneously and at incident momenta

between 3 and 12 Gev/c would give data for the study of the following points:

(1) The existence and properties of a new proton resonance of mass 1400 Mev"zl
The previous p-p experiment1), which found a bump corresponding to a

resonance of mass 1400 ilev, indicated a rather rapid decrease with momentum
transfer in the excitation of this state. The behaviour was in fact similar

to that of the (3/2,3/2) state. A w=-p experiment2>, however, definitely
assigned isospinT/Z to a state at mass 1400 Mev, If the bump seen in the

p-p experiment is an excited nucleon state of isospin 1/2 s the excitation

in p-p collisions is different from that found already for the (1/2,3/2)

and the (1/2,5/2) states. The p-p data may give a hint that two different
kinds of nucleon resonances exist and it seems important to estaeblish firmly

the experimental situation by further p-p experiments.

(2) The excitation of the (3/2,3/2) state as a function of energy and
momentum transfer relative to that of the (1/2,3/2) and (1/2,5/2) states.
A previous intvernal beam p-~p experiment1) at 60 mrad scattering angle
studied the excitation .of the three well-known isobars over a range of t

from about -0.05 Gev® to =0.20 Gev® .
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The present experiment would allow this range to he extended to larger and

to smaller + values, firstly because éf the provisionvof smaller and

larger scattering angles 20 and 160 mrad and secondly because of the much
better background situation obtained from the use of a liquid H, target
rather than CH, and C  targets. The energy and momentum transfer dependence
of the excitation of the resonances remains an important question in the study
of ‘the mechanism of the production of the states. The small angle (20 mrad)
data of the proposed experiment would be of particular interest in discussions
of the angular momentum changes needed to generate the Z/é- and 5/2+ isospin
1/2 states. The 20 mrad cata from this experiment would extend the information
whlch may be obtained from a current experlmenb on very small angle p-~Dp

scattering (@ <15 mrad)

(3) The cross sections for production of the (1/2,3/2) and (1/2,5/2) states
at large momenfum transfers relative to the elastic scattering cross section.
An experiment at 110 mrad scaftéring angle3> has given an indication that the
cross sections for excitation of these states follow the trend of the elastic
P-Dp cross section as a function of t to t values as 1arge as =-2.2 GevZ.
The recent Cornell - Brookhaven experiments * ) on high momentum transfer wide
angle elastic scattering showed a statistical type of behaviour.: It would be
interesting to follow the isotopic spin 1/2 states momentum transfer as far

as possible to compare with the elastic scattering. Th@ experiment proposed,

measuring séa'ttering at 160 mrad can prov:.ue data at = —4 Gev? hxtenolons‘

to larger momentum’ transfer have to await the higher energy (25 Gev/c) ex-

tracted beam which will be installed so that space is available on both sides,

allowing detection of decay'products a5 well as the scattered particle.

() The possibility of new nucleon resonances.. ~At 12 Gev/c the total c.m.s.
energy in the p-p system is 4. 93 Gev, hence in the reaction

p+p->p+ p* thc maximum mass available for the p* is about 4 Gev. Rough
considerations about background indicate that the préseht'exPeriment would be
sensitive to bumps oorrosponding'to cross sections of the order of a few
tenths of a>mb,/5terad for masses up to about 3 Gev. Within these limits

the nucleon mass spectrum could be explored.
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A schematic experimental layout is given in Fig. 1. The present
slow extracted proton beam, which can operate up to 12 Gev/c for a 30 ms pulse
length, bombards a 20 cm long liquid hydrogen target placed near FS magnet L
in the South target area, Useful protection of the deteotoré from background
igs proviced by the main shielding wall of the target area. The main beam is
best disposcd of by allowing it to pass through a channel in the neutrino
shieclding and on into Mount Citron. One or two quadrupoles would be sufficient
to keep the beam confined within a 20 cm vacuum pipe. It may even be possible
to use the beam for other purposes within the limited space left available
(e.g. radio-chemistry). The other alternative for dumping the beam is +to
stop it in existing shielding at point A in Fig.1, although; of' course, the

background situation is much less clean than in the first possibility.

Three scattered particlc channels at angles of 20, 60 and 160 mrad
arec provided and two 2 m magnets momentum analyse the parfiélos emerging
from each channel. Three counter telescopes detect the momentum analysed
particles at cach angle and a bean monitor telescope is provided ahead of the
160 mr magnet. The absolute intensity of the main beam is to be measured by

a secondary emission chamber.

The geometry of the magnetic spectrometers and associated equipment
is such that the momentum resolution obtainable is 1/2— 1% and the solid

angle of cach counter channel 10=% -~ 1077 sterad.

Counting rate estimates in the region of the inclastic bumps
associlated with the excitation of the isobars, may be obtained from previous
data ! ’3)0 Lt 10 Gev/c and 60 mrad the rate per channel (1077 sterad)
per 10" incident protons 1 Gev/c below the clastic scattering peak is
about 30, whilc at 20 mrad and thce same momentum the rate is about 300,

At 60 mrad e spectrum containing 50 points each with 3000 counts and covering
an inclastic momentum range of 2 Gev/c could be obtained in about 3 hours, at
20 mrad an cxtra factor of 10 in counting rate is available. With the present
uncertaintics in the operational efficiency of setting up the beam it is
probably wise to count about 6 hours (1 shift) for a spectrum measurcment

at onc momentum and the small angles 20 and 60 mrad.
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Estimates of counting rates for the large angle (160 mrad) spoctra
are much less sure,but some data from reference 3 taken at t = -2,8 Gev?
indicate that for a channel solid angle of 107% sterad a rate, in the
interesting region, of about 1 event/ 3 bursts can be obtained. A spectrum

with about 5% statistical error on each point would result in 2- 3 shifts.

The time given to a specific incident momentum for data taking
depends of course on what is found, an estimatc can be given, however,
particularly relative to the question of the 1400 Mev state. This study
would need 7 runs between 3 and 6 Gev/c, taking spectra at 500 Mev/c inter-
vals to trace out in some detail the behaviour of the 1400 MeV bump. The
study of the (3/2,3/2) and T = /2 excitations could be well done by 7
measurements between 6 and 12 Gev/c in 1 Gev/c steps. The high momentum
transfer study of the T = 1/2 excitations at momenta between 8 and 12 Gev/c
and the largest angle would nced an extra 8 shifts. Summing up these
estimates gives a total of 22 shifts of running time. This time and the

neccssary facilities are requested for the last quarter of 1964;
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